The main aim of the image segmentation is to change the representation of the image so that the boundaries and objects in an image can be easily observed. In this study, a novel algorithm is proposed for the image segmentation using gray scale images. The codebook algorithm is used in the proposed approach for optimal multidirectional thresholding approach. The background and foreground pixel values are stored in the codebook. It uses standard deviations along the four directions to search the background and foreground pixels iteratively. The misclassification error and Jaccard index are used to measure the system efficiency. The mean of misclassification error is 95.80% with standard deviation of 1.91 and the mean of Jaccard index is 92.36% with standard deviation of 5.6. These measures shows the efficacy of the proposed system.
I. INTRODUCTION
Adaptive gamma correction and threshold segmentation based image enhancement is discussed in [1] . The input images are segmented by using Otsu algorithm for multiple thresholding. The quality of the image is identified by average gray gradient method. Binary coded ant colony algorithm based image thresholding is discussed in [2] . The parameters are initialized and threshold selection is made for ant colony algorithm. The thresholding based ant colony algorithm is used for classification.
Recognition and segmentation of traffic sign in scene images is discussed in [3] . Initially, the color distance is computed. Then, the binary based threshold method is used for segmentation. Dynamic thresholding based on binary particle swarm optimization algorithm is discussed in [4] . The adaptive histogram method and thresholding segmentation is used. The thresholding value has the adequate number of thresholds with significant amount. Document image binarization for threshold correction and ruled-line extraction is discussed in [5] . The input document image is preprocessed by converting the image into gray scale. Initial thresholding is used for the segmentation. The background of the image is determined. Then the threshold correction is also done to obtain binary image. Image segmentation based on wavelet domain binary partition is discussed in [6] . The wavelet transform based image features are extracted. Binary partition tree method is used for segmentation.
Threshold segmentation based road marking extraction is discussed in [7] . The road marking search is reduced by using inverse perspective mapping. The road image is segmented by local adaptive threshold and canny edge detection method. The geometric features are used for extraction. Maximum mutual information based image thresholding is discussed in [8] . Multi scale gradient multiplication transform method is used for the decomposition of input images. The gray level images are segmented by thresholding method.
Capsule image segmentation using edge detection technique is discussed in [9] . Initially, the capsule images are enhanced and segmented by using neural network. Then the borders are traced and analyzed. Image segmentation based multilevel thresholding algorithm is discussed in [10] . The multilevel thresholding based on principal swarm optimization, kapur and Otsu methods are used for the segmentation.
Traffic scenes based segmentation method for image sequence is discussed in [11] . At first, the preprocessing step is made to remove high frequency noise in the image using low pass filtering. Then the image is analyzed by adaptive thresholding to obtain a binary image. The geometric descriptors are analyzed to identify the bright regions. Region distribution and edge detection based image segmentation is described in [12] . The seed selection algorithm is used for the histogram equalization method. Edges are detected by multi threshold and single threshold. Region merging and texture elimination are used for the segmentation.
Palm print image based segmentation based on Euclidean distance and adaptive threshold is discussed in [13] . The input palm print images are preprocessed by median filter to remove noise. The region of interest area is extracted by Euclidean distance. Global thresholding method is used for segmentation. Handwritten image segmentation based single thresholding method is discussed in [14] . The input handwritten images are segmented by thresholding method then the peak signal to noise ratio is used to predict the threshold value.
A novel method for gray scale image segmentation using multidirectional thresholding method is discussed. The organization of paper is as follows: Methods and materials of the proposed system are explained in section 2. The experimental results and discussion of gray scale image segmentation is explained in section 3. Finally, conclusion is given in the last section.
II. METHODS AND MATERIALS
Segmentation is one of the major tasks in digital image processing and analysis. The purpose of segmentation is to divide an image into regions which are uniform and homogeneous with respect to some characteristics such as gray level or texture. Segmentation can be critical for subsequent analysis and scene description. The optimal thresholding is also used in empty vehicle redistribution [15] and wheel set online measurement [16] . In this study, a novel algorithm for gray scale image segmentation is proposed. A codebook is organized in the proposed approach to store the foreground and background pixel values.
Initially the code book does not contain any foreground and background pixels. The proposed algorithm starts with finding a gray value (G) within the image that has more occurrence than other gray values in that image. This gray value is inserted into the foreground list of codebook at first. Usually the edges are aligned along four directions D1, D2, D3 and D4 as shown in Figure 1 . The standard deviation of a set of data points shows how much dissimilarity or distribution from the mean exists. A low standard deviation indicates closeness of the data points to the mean and a high value indicates the data points are spread over a large range of values. This property can be used to calculate an optimal threshold for segmentation of gray scale images.
Fig. 1 Alignment of edges in four directions D1, D2, D3 and D4
To separate the pixels into foreground or background, the standard deviation along the four directions centered on G need to be computed. The largest standard deviation along a direction indicates the large intensity variation among them; hence the gray values other than G in that direction are inserted into the background list. The gray values in other directions are inserted into foreground list. As the foreground list is updated, this process is repeated for all the pixels in the foreground list. Then the threshold is calculated as the mean of the minimum and maximum intensity in the foreground list. To analyze the performance of the proposed thresholding technique, the segmentation accuracy is compared with other state of art techniques such as Otsu and iterative thresholding.
III. RESULTS AND DISCUSSION
The performance of the system is evaluated by 10 images in an image set having similar and dissimilar gray level histogram characteristics which is different from uni-model to multi-modal. The Jaccard index and misclassification error are computed as performance metrics.
The misclassification error is the Cartesian number of sets given in an image pixel. Misclassification error is also used in adjustable entropy [17] . The value of dissimilar images is 0 and the value of similar images is 100. The misclassification error is defined by, where I0, IT are resultant and gold standard image respectively. The similarity measure also made by Jaccard similarity coefficient, it is frequently used for binary data. The Jaccard index is also used in clustering coefficient [18] . The Jaccard index is given by,
where Ni is the gold standard image, Mi is the binary image and Ki is the area of overlap calculated between the binary and gold standard image. Figure 2 shows
the results of grayscale image segmentation based on multidirectional thresholding approach.
Wheel
Starfish Apple cycle stones Parrot Road Potatoes Rhino Palm leaf
Fig. 3 Grayscale image segmentation based on multidirectional thresholding approach
The proposed system is compared with Tizhoosh method [19] and Otsu's [20] method in terms of misclassification error and jaccard index. Table 1 shows the misclassification error efficiency  of Tizhoosh, Otsu's and proposed system. From the table 1 it is observed that the proposed system has the higher misclassification efficiency compare to Tizhoosh and Otsu methods. The mean and standard deviation of Tizhoosh, Otsu and proposed method is shown in Table 2 . The Jaccard index efficiency is given in Table 3 . From the above Table 3 it is observed that the proposed system has the higher Jaccard efficiency compare to Tizhoosh and Otsu methods. The mean and standard deviation of Tizhoosh, Otsu and proposed method is shown in Table 4 . 
IV. CONCLUSION
A novel algorithm for grayscale image segmentation is presented in this study. The multidirectional thresholding method is used in the system for gray scale image segmentation. A codebook is used in this study in order to store the foreground and background pixel values. The misclassification error and Jaccard index are computed to analyze the system with other systems such as Tizhoosh and Otsu's method. The mean of misclassification error is 95.80% with standard deviation of 1.91 and the mean of Jaccard index is 92.36% with standard deviation of 5.6. Results show that the proposed approach produces higher efficiency with lower standard deviation in terms of misclassification error and Jaccard index that shows the accurate segmentation of the images.
